Objective To estimate the prevalence and incidence of hyperprolactinaemia. Hyperprolactinaemia is a common problem in endocrine practice, but its epidemiology has not been accurately established. Study design A population-based retrospective follow-up study in Tayside, Scotland (population 400,000), from 1993 to 2013. Patients Record linkage technology (biochemistry, prescribing, hospital admissions, radiology, mortality and maternity data) was used to identify all patients with a serum prolactin measurement. From these, cases were defined as those with a prolactin greater than 1000 mU/L (47Á2 ng/ml) or at least three prescriptions for a dopamine agonist. Measurements Number of prevalent and incident cases of hyperprolactinaemia per calendar year by age, sex and cause of hyperprolactinaemia. Results A total of 32289 patients had a serum prolactin assay undertaken, of which 1301 had hyperprolactinaemia not related to pregnancy: 25Á6% patients had pituitary disorder, 45Á9% were drug-induced, 7Á5% had macroprolactin and 6Á1% had hypothyroidism, leaving 15Á0% idiopathic. Over the 20 years, there was a fourfold increase in the number of prolactin assays performed, and prevalence of hyperprolactinaemia was initially 0Á02%, but rose to 0Á23% by 2013. Overall incidence was 13Á8 cases per 100000 person-years (20Á6 in 2008-13) and was 3Á5 times higher in women than in men. The highest rates were found in women aged 25-44 years. Drug-induced causes tripled during the 20 years. Conclusions Rising prevalence of hyperprolactinaemia is probably due to an increased ascertainment and increased incidence of psychoactive drug-related causes. Rates are higher in women than in men but only before the age of 65 years.
Introduction
Prolactin is a pleiotropic hormone with defined effects on lactation and gonadal function, whilst also influencing numerous additional physiological processes encompassing metabolism, angiogenesis, neuronal function, osmoregulation and immunity. 1, 2 Hyperprolactinaemia, an excess of serum prolactin above a laboratory reference limit, is a common problem in endocrine practice. 3, 4 Hyperprolactinaemia can be physiological, pathological or iatrogenic. The causes of persistent nonphysiological hyperprolactinaemia (i.e. occurring outside of gestation or lactation) include drugs, hypothyroidism and hypothalamic/pituitary disorders. 5 The association with certain drugs is well-documented, most commonly antipsychotic agents. 6, 7 Other medications include antidepressants, anti-emetics and antihypertensive agents. 8 Macroprolactin resulting from the formation of prolactin-immunoglobulin complexes is associated with apparent hyperprolactinaemia, although not typically associated with clinical features due to the limited bioavailability and bioactivity. Aside from these, idiopathic hyperprolactinaemia is not uncommon. 3 Data from case series and cross-sectional studies in patients with hyperprolactinaemia suggest that prolactinomas and other pituitary tumour types (35-70%) and idiopathic hyperprolactinaemia (28-46%) are the most common categories, [9] [10] [11] [12] [13] [14] but the majority of studies excluded drug-induced cases. The large number of commonly prescribed medications associated with hyperprolactinaemia suggests it is likely to occur frequently in the population, although its frequency has rarely been documented; Vilar et al. reported a prevalence of 14Á5% drug-induced cases from a sample of patients identified at ten endocrine centres in Brazil. 11 Regardless of aetiology, hyperprolactinaemia may result in hypogonadism, infertility, amenorrhoea, galactorrhoea and impotence, or it may produce no symptoms. 15 Hyperprolactinaemia may occur in men and women at any age, and its prevalence and incidence depend on the study population. Its epidemiology in the general population has not been accurately established, because available estimates are scarce and/ or inadequate. Prevalence from cross-sectional studies seems to vary from 1Á2-4Á1% in healthy adults 16, 17 to 3Á9-30% in series of patients identified in various clinical settings; it was estimated at 3Á9% in patients identified through a private large medical centre database, 7Á9% among women with menstruation-related problems, 15Á7% among women attending to an infertility clinic, 18% in patients with systemic lupus erythematosus and 30% among women receiving oral contraceptives. [18] [19] [20] [21] [22] The prevalence was 3Á1% among male patients with idiopathic sexual dysfunction. 23 However, results from a population-based cohort study showed a much lower overall prevalence of 'ever' medically treated hyperprolactinaemia that ranged from 0Á02% in men to 0Á09% in women, and incidence ranged from 1Á4/100000 person-years in men to 8Á7/100000 person-years in women. 24 The prevalence of pituitary tumours has been shown to be around 1 per 1000 of the population, 25, 26 with 44% being due to prolactinomas in one study. 26 However, population-based estimates of the incidence and prevalence of all causes of hyperprolactinaemia are still lacking.
The Centre for Endocrine Epidemiology in Tayside (Scotland, UK) has undertaken data linkage to report on incidence and prevalence of thyroid dysfunction and primary hyperparathyroidism. 27, 28 We aimed to use the same data linkage to estimate prevalence and incidence of all-cause hyperprolactinaemia in the general population as well as the relative contribution of the respective causes.
Subjects and methods
Anonymized data from medical records of patients for the complete population of Tayside, a well-defined geographical region within Scotland (UK) with a population of 400000 people, were reviewed between 1988 and 2014 (the most recent data available). Every patient in Tayside has a unique National Health Service (NHS) patient identifier (Community Health Index -CHI) number that has been used for all health-related contacts, whether in primary, secondary or private health care. This allowed the electronic linkage of all databases used.
The biochemistry database was linked to other databases by the Health Informatics Centre Services/Farr Institute of Scotland at the University of Dundee (http://medicine.dundee.ac.uk/hic). These included demographic records (gender, birth and migration), Scottish Morbidity Records -SMR (maternity admissions, hospital admissions and surgical procedures), Scottish Care Information-Diabetes Collaboration -SCI-DC database (data from primary care and diabetes clinics on diabetes mellitus), prescriptions dispensed and the General Registrar Office -GRO records on patient deaths. Magnetic resonance imaging (MRI) reports were also accessed and linked for identifying pituitary tumours. 29 Prolactin analyses were performed using three analytical platforms during the period of the study. Up to 2003 levels were measured by a Bayer â chemiluminescence immunoassay (Bayer PLC, Newbury, UK), from 2003 to 2012 by a Roche â E170 electrochemiluminescence analyser (Roche Diagnostics Limited, West Sussex, UK), and since then by a Siemens ADVIA Centaur XP â chemiluminescence analyser (Siemens Healthcare Diagnostics, Surrey, UK). The reference range for prolactin was less than 600 mU/l (28Á3 ng/ml) for women and less than 350 mU/l (16Á5 ng/ml) for men, and did not change over time. All analyses had been performed at the Blood Sciences Department at the Ninewells Hospital (Dundee, UK).
The International Classification of Diseases (ICD) 10th revision codes were used to identify hospital inpatient events and the Office of Population Censuses and Surveys Classification of Surgical Operations version 4 codes (OPCS-4) to identify operations, procedures and interventions during inpatient stays. Prescriptions were identified by means of the British National Formulary (BNF) codes.
To ensure data quality, SMR data go through a set of validation rules by the Information Services Division (ISD-NHS National Services Scotland). These validation rules check on the validity and feasibility of the data. 30 Besides, ISD carries out periodical data quality assurance exercises to evaluate and ensure SMR data sets are accurate, consistent and comparable across time and between sources. 31 The study was approved by the Tayside Committee for Medical Research Ethics and conducted in accordance with the Declaration of Helsinki.
Inclusion-exclusion criteria and case definition
Patients with at least one serum prolactin measurement taken were considered for inclusion in the study. All patients who were pregnant or possibly lactating at the time of assay (i.e. within nine months before and 12 months after delivery date) were excluded, unless they had raised prolactin measurements out with this time window. Any patient with at least one serum prolactin measurement greater than 1000 mU/l (47Á2 ng/ml) or three or more prescriptions of specific dopamine agonists (BNF 6Á7Á1: cabergoline, bromocriptine and/or quinagolide) was considered a case, with the subsequent allocation into one of five groups:
• Pituitary disorder. Patients were selected if they had at least one serum prolactin measurement greater than 5000 mU/l (235Á8 ng/ml) or three or more prescriptions of specific dopamine agonists and/or a hospital admissions related to pituitary disorder (ICD10: C751, E22, E23) and/or pituitary surgery (OPCS-4: B01, B02, B04) or a mass on pituitary MRI.
• Drug-induced. Patients were selected if they had a record of being prescribed drug(s) known to elevate prolactin levels within 6 months before and 1 month after the assessment of serum prolactin measurement and did not fit into group 1. Any prescription of antipsychotics (BNF: 4Á2Á1, 4Á2Á2), tricyclics and related antidepressants (BNF: 4Á3Á1), serotonin re-uptake inhibitors (BNF: 4Á3Á3), dopamine antagonists (BNF: 4Á6), opioids and drugs used in opioid dependence (BNF: 4Á7Á2, 4Á10Á3), H2 antagonists (BNF: 1Á3Á1), methyldopa (in BNF: 2Á5Á2) and verapamil (in BNF: 2Á6Á2) were extracted from the database containing prescriptions dispensed from all community pharmacies in Tayside.
• Macroprolactin. Patients were selected if they had the presence of macroprolactin identified without any other explanation.
• Hypothyroidism. Patients were selected if they had a thyroid-stimulating hormone (TSH) serum level > 6 mU/l (0Á28 ng/ml) at some time without any other explanation.
• Idiopathic. Patients were selected if remained unclassified.
Statistical analysis
The period of study for the analysis of prevalence and incidence was defined between 1 January 1993 and 1 January 2013 to avoid bias introduced by incomplete ascertainment of cases before and after these dates. Any patient with at least one serum prolactin measurement greater than 1000 mU/l (47Á2 ng/ml) or three or more prescriptions of specific dopamine agonists at any time within a year was considered a prevalent case. Period prevalence was then estimated as the number of prevalent cases divided by the estimated mid-year population originated from the GRO records for Scotland, and it was calculated for every calendar year and for the entire period of study. For each patient, the date of entry into the study was the date at first event of diagnosis identified within this period, and it was assumed that a patient after diagnosis stayed prevalent for the rest of the study until death or moving out of the health area. The incidence rate was calculated as the number of new (i.e. incident) cases divided by the number of person-years in the source population. Personyears were calculated for every calendar year separately and further combined for all calendar years to serve as the denominator of an overall incidence rate. Incidence rate was stratified by gender and 10-year age groups (<15, 15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75 + ); 95% confidence intervals (CIs) for these were calculated assuming a Poisson distribution. Standardized rates were calculated by applying the age-/sex-stratified rates to the all-Scotland population from the 2001 and 2011 (estimates for 2002 to 2013) Census results. Data were entered into a STATA/SE â version 13.1 software package (StataCorp, USA) for statistical analysis and determination of statistical significance (P values <0Á05). Logic checks were performed, and frequency distributions for all variables were analysed for out-of-range values. The mean and standard deviation or the median and the interquartile range of the data were calculated to describe continuous variables. ANOVA and chi-square tests were used to compare means and frequencies among subgroups of patients, respectively. Nonparametric methods were used where appropriate. 32 
Results
A total of 32289 patients were identified with at least one measurement of a serum prolactin level in Tayside between 1988 and 2014, 1366 of whom met the criteria for hyperprolactinaemia. After excluding 65 cases of hyperprolactinaemia associated with pregnancy, a total of 1301 cases were considered for the study. Demographic characteristics of the final study cohort are shown in Table 1 . The mean age was 39Á2 years, and 78Á3% were women. Of these cases, the majority were drug-induced (45Á9%), followed by pituitary disorder (25Á4%). Drug-induced cases were older (mean age 42 years), and pituitary disorder cases had the highest average of maximum serum prolactin concentration (2426 mU/l; 114Á4 ng/ml) at diagnosis compared to other causes (P < 0Á001). Antipsychotic and antidepressant medications accounted for 63Á5% and 12Á7% of drug-induced cases, respectively, and a total of 228 of 598 drug-induced cases (38%) also had traces of macroprolactin. Of 331 patients categorized as having a pituitary disorder, we identified MRI pituitary scans in 250 (76%). The remainder are likely to have had a scan outwith Tayside or at a time before the study entry. Out of pituitary-caused cases found, 145 had confirmatory abnormalities on pituitary MRI, of which 91 (62Á8%) were micro-adenomas, and 54 (37Á2%) macro-adenomas. The respective data for micro-adenomas and macro-adenomas were as follows: mean ages 35Á9 and 48Á5 years (P < 0Á0001), percentage female 83Á5% and 55Á6% (P < 0Á0001) and median maximum serum prolactin concentration of 2103 mU/l (99Á2 ng/ml) and 3618 mU/l (170Á7 ng/ml) (P = 0Á039). In all other patients, 111 underwent a pituitary MRI scan, all of which were normal. Overall 6Á1% of cases patients had a TSH greater than 6 mU/l (0Á28 ng/ml) and no other explanation for hyperprolactinaemia. No cause could be found for the hyperprolactinaemia in 196 cases (15%), although 17 of these had undergone MRI scanning with a normal result, and these cases may have represented a micro-prolactinoma.
Prevalence and incidence rates of ever-treated and untreated (i.e. measured) hyperprolactinaemia were estimated for the period 1993-2013 for the population of Tayside that increased from 395480 to 411750 (Table 2 ). There was also a steep increase in the number of serum prolactin assays carried out in Tayside around 2003, changing from 9167 in 1998-2002 to 34,221 in 2003-2007 (Table 3 ). The overall prevalence of ever having had hyperprolactinaemia was 107Á3 cases per 100000 population, and it was five times higher in women (175Á2 per 100000) than in men (35Á1 per 100000). Prevalence increased continuously over the calendar years from 0Á02% in 1993 to 0Á23% in 2013 ( Table 2 ). The average year-on-year increase was 15Á7% for women and 17Á2% for men.
A total number of 1102 incident cases were ascertained (862 women and 240 men). Crude incidence rates were about three times higher in women than in men and were lower in periods earlier than 2003 (Table 3) . When crude incidence rates were adjusted for age and sex using GRO for Scotland Census results, the overall rate was 13Á8 per 100000 person-years (95%CI: 13Á1-14Á7), with a rate of 21Á5 per 100000 person-years (95%CI: 20Á0-22Á9) observed for women and 6Á4 per 100000 person-years (95%CI: 5Á6-7Á2) for men.
Incidence rate of hyperprolactinaemia increased for men through the study period and increased for women from 2003. The increased rate over the last year periods (2003 to 2013) was mostly due to an increase in drug-induced cases ( Table 4 ), but also due to an increased recognition of macroprolactin. There was also an increase in pituitary diagnoses for men in 2008-2013 (Table 4) .
When rates were examined for combined periods by age and sex groups (Fig. 1) , the highest incidence rates of hyperprolactinaemia were found in women aged [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] person-years), and after this peak, the incidence rates declined with age. In men, no peak was found, and the incidence rates ranged from 6 to 8Á8 per 100000 person-years in those people older than 15 years. When rates were examined also by cause of hyperprolactinaemia (Fig. 2 ), a similar trend was observed in women for pituitary disorder, drug-induced, macroprolactin and hypothyroid-related cases. In men, drug-induced and hypothyroid-related rates followed the same trend, but rates of pituitary disorder hyperprolactinaemia increased in those diagnosed over the age of 55 years and were also higher than in women. Incidence rates of idiopathic hyperprolactinaemia showed a peak in men and women aged 25-34 years.
Discussion
Over the last 20 years, the prevalence of people having ever had hyperprolactinaemia increased from 22 to 232 per 100000 in the 20 years following 1993, and steady state has not been achieved.
The prevalence was approximately five times greater in women than in men. The adjusted incidence of all causes for hyperprolactinaemia was 13Á8 per 100000, increasing from 9 to 20 per 100000 over 20 years. The incidence in women was 3Á5 times that was observed in men, but there was little gender difference above the age of 55 years. There are a number of possible reasons for this increasing incidence and prevalence of hyperprolactinaemia. The number 
*Age-sex standardized [95% confidence interval]. of prolactin tests performed across Tayside during the study period increased from 2332 in 1993 to 8688 per annum in 2012, with a steep increase in 2003 (5306 prolactin tests). Increased number of tests would be expected to result in an increased ascertainment of cases of hyperprolactinaemia. There was an increased rate of drug-induced hyperprolactinaemia, which is likely to reflect an increased use of antipsychotic and antidepressant medications over this time. Prolactin measurements are sometimes used as a marker of concordance in such patients. Routine testing for macroprolactin started around 2002, and such diagnoses increased steadily after 2003, as the prevalence of idiopathic causes declined. It is likely that many cases of idiopathic hyperprolactinaemia before 2002 were due to macroprolactin. The increase in pituitary disorder diagnoses for men during the last period of study (2008-2013) is intriguing and may reflect an increasing awareness of impotence and an increasing willingness to investigate it. 33 It is difficult to be certain if there was real increase in hyperprolactinaemia or whether changes simply reflect an increased ascertainment, along with some real increase in drug-induced cases. Either way, the increased incidence does indicate an increased demand on health-care resources.
As described previously, the prevalence of hyperprolactinaemia is reported to vary greatly from studies of healthy adults to series of patients identified in various clinical settings. Despite these variations, studies on community-based data reported prevalence of measured hyperprolactinaemia (women>600 mU/l and men>400 mU/l) between 1Á2 and 1Á4% 16 from a relatively small cohort of 1675 people, but in a study where all patients were sampled. In another larger study, the prevalence of hyperprolactinaemia, identified by use of more than one dopamine agonist prescription, was 0Á03-0Á17%. 24 The prevalence increased over the study period, due partly to an increasing incidence. Our results agree in part with those from the population-based cohort study by Kars et al. that showed a prevalence of ever medically treated hyperprolactinaemia around 0Á2% in the recent years and five times greater in women than in men. 24 were due to micro-prolactinomas, then our figure would be very similar to that of Kars. The highest incidence rate was found in women aged 25-34 years, and after this peak, rates remained high in those aged 35-44 years and declined with age similar to the Kars' study. 24 In men, pituitary disorder rates increased in those over the age of 55 years. This may reflect increasing investigation of impotence and low serum testosterone. The majority of pituitary-caused cases (92Á5%) were treated with dopamine agonists (three or more prescriptions), but some milder cases remained untreated. In addition to the Kars' study, we report a drug-induced rate of hyperprolactinaemia of 6Á7 per 100000, indicating that this is now the commonest cause of hyperprolactinaemia.
Defined cases in our study included patients with a serum prolactin greater than 1000 mU/l (47Á2 ng/ml) and may thus have missed some cases of clinically relevant hyperprolactinaemia with more modest prolactin elevations. This threshold of serum prolactin (rather than one defined according to genderspecific reference ranges) was chosen because it represents a clinical relevant elevation of prolactin that deserves further investigation in practice and thus additional health-care resources. This particularly diagnostic criterion may have contributed to underestimate untreated hyperprolactinaemia mainly in men, but it seems unlikely to be a major factor because our gender-specific prevalence ratio was similar to that reported by Kars et al. (fivefold higher for women than men). 24 The subcategorization of cases depends on the algorithms employed, which may also introduce some errors when identifying cause. For example, some patients with mild hyperprolactinaemia who did not have an MRI may have had abnormalities such as small tumours or stalk effect that was missed. Such patients may have been miscategorised, but such patients were not treated with dopamine agonists or pituitary surgery, and it is unlikely that this was of clinical significance. Besides, we may have overestimated drug-induced hyperprolactinaemia, because if there was no other obvious cause for a raised serum prolactin (e.g. tumour or pregnancy), and a patient was on a drug that could cause hyperprolactinaemia, it was assumed to be the cause. Unfortunately, we do not have data on whether serum prolactin concentrations decreased when/if the causative drug was withdrawn. The main impact of this would be an under diagnosis of 'idiopathic' causes. It is difficult to know what caused hyperprolactinaemia in the idiopathic group but could have included 'overthe-counter' medications, for example anti-emetics or early pregnancy which subsequently ended in miscarriage and longstanding untreated pituitary micro-adenomas that were not identified on other data sets. Another possibility is that idiopathic hyperprolactinaemia was due to polycystic ovary syndrome, and indeed, the peak incidence of idiopathic hyperprolactinaemia was in young women. Unfortunately, our data linkage and algorithms do not allow us to identify this phenotype. Hypothyroidism as a cause of hyperprolactinaemia may be an overestimate as our threshold of serum TSH at 6 mU/l (0Á28 ng/ml) is quite low, although other studies have shown a similar or higher prevalence of hyperprolactinaemia in series of patients with overt or subclinical hypothyroidism (8-36%). 34, 35 However, our study is genuinely population-based and will have identified all cases of raised prolactin concentrations that were measured in Tayside.
Conclusion
In summary, this study demonstrates that overall prevalence of ever diagnosed hyperprolactinaemia in Tayside, Scotland, is 0Á1%. Incidence rates are three times higher in women than in men, but are approximately the same over the age of 65 years. The observed increasing rate over time is possibly due to an increased ascertainment and to an increased use of psychotropic drugs.
